Well-differentiated lymphocytic leukemia was found during routine hematologic examination of a 12-year-old female poodle with signs of anxiousness, panting and pica. The total white blood cell count was 106,9OO/pl and at least 90% of the leukocytes were small, normal-appearing lymphocytes. The dog was examined several times during a 23-month period before it was killed at the owner's request for conditions unrelated to the leukemia. The hematologic picture of the leukemia was essentially unchanged during this time. A deep nuclear cleft was seen in most lymphocytes examined by electron microscopy. Cell surface markers showed most blood lymphocytes to be B-cells. These cells responded poorly to mitogen stimulation.
The term lymphocytic leukemia, in its broad usage, refers to the presence of neoplastic lymphocytes in the peripheral circulation. In human medicine this term generally is limited to lymphoproliferative disease that originates in the bone marrow. Terms such as lymphoma or lymphosarcoma are used for lymphoproliferative diseases originating in lymphoid tissues other than bone marrow [25, 361. In man, lymphocytic leukemia is classified into two types. The well-differentiated type is called chronic lymphocytic leukemia; it is characterized by mature lymphocytes which predominate in blood and bone marrow. The second type, acute lymphocytic or lymphoblastic leukemia, is characterized by prolymphocytes and lymphoblasts in blood and bone marrow. When people with lymphosarcoma develop a leukemic blood picture, the term lymphosarcoma cell leukemia may be applied [36] , although some authors use this term to refer to specific morphological cell types. At times it is dificult to distinguish leukemia originating from lymphoid tissues from either chronic lymphocytic leukemia or acute lymphocytic leukemia without knowledge of a preceding nonleukemic phase of lymphosarcoma [36] .
Lymphosarcoma is by far the most common lymphoproliferative disease in dogs. Most dogs with lymphosarcoma are either hematologically normal or have a modest leukocytosis resulting from an increase in circulating neutrophils [2] . Fewer than onethird of dogs with lymphosarcoma have leukemia [30]. Leukemia without solid tumor 37 growth is uncommon in dogs [2, 201 , and well-differentiated forms of lymphocytic leukemia rarely occur. Four cases of well-differentiated lymphocytic leukemia associated with monoclonal gammopathies have been reported in dogs [5, 161. One additional case, classified as a small lymphocyte type lymphosarcoma in a dog with a normal plasma protein concentration, might better have been classified as a welldifferentiated lymphocytic leukemia [22] .
Two major subpopulations of lymphocytes have been identified in man and animals: thymus-dependent (T-lymphocytes) and bone marrow-derived (B-lymphocytes). These can be distinguished by differences in cell surface markers. Identification of the Band T-lymphocyte nature of lymphoproliferative disorders has been done in several species, including man and dog. In man, chronic lymphocytic leukemia is primarily a B-lymphocyte disorder [ 1, 131. Most acute lymphoblastic leukemias are either of the T-lymphocyte or null cell type [6, 211. Most reported cases of canine lymphosarcoma and leukemia have been of the B-lymphocyte type [8, 11, 16, 191 .
Materials and Methods
Blood for electron microscopy was collected in a disposable plastic syringe and two to three drops were added immediately to 5 ml of 1% glutaraldehyde buffered in 0.12M cacodylate (pH 7.2) with a total futative concentration of 340 milliosmoles [17] . For scanning electron microscopy, 2.5 ml of resuspended cells in futative were added to Tyrode's balanced salt solution. After two more washes in Tyrode's solution, the cells were centrifuged gently onto 12-mm circular cover glasses coated with a 0.1% solution of polyrysine in water [18] . Cellcoated cover glass specimens were dehydrated in a series of graded ethanols followed by amyl acetate, which was exchanged for liquid COn in a critical point drying apparatus. Specimens were mounted with conductive silver paint on aluminum stubs and coated with gold-palladium in a sputter-coater.
For transmission electron microscopy, the remaining half of the futed cells were pelleted and dehydrated in a series of graded ethanols, followed by propylene oxide and embedded in epon-araldite. Thin sections were stained with uranyl acetate and lead citrate.
Blood was collected at death for lymphocyte studies. Mononuclear leukocytes were isolated by gradient centrifugation over a Ficoll-hypaque mixture (Lymphocyte Separation Medium, Litton Bionetics, Kensington, Md.) (321. Differential cell counts were done on Giemsa-stained preparations of the cells recovered by separation on Ficoll-hypaque. Lymphocyte subpopulations were counted by cell surface markers, and lymphocyte responsiveness to mitogen stimulation was determined as described [3, 12, 28, 311 . The B-lymphocytes were identified by the presence of immunoglobulin and receptors for complement on the lymphocyte membrane [I I, 321. The T-lymphocytes were identified by their ability to form spontaneous rosettes with guinea pig and human type 0-positive erythrocytes [4, 371, and by staining with fluoresceinconjugated anti-brain heteroantiserum [ 141. Cell suspension for rosetting tests contained 10% bovine fetal serum previously absorbed with guinea pig or human type 0-positive erythrocytes at 4'C and 37OC, respectively.
The mitogen responsiveness of isolated lymphocytes was measured in an in vitro microtiter assay similar to that described by Shifrine [28] . Mitogens used in the assay included phytohemagglutinin-P, concanavalin A, lipopolysaccharide and pokeweed mitogen. Cultures were done in triplicate using four different amounts of each mitogen. The cultures were harvested after 96 hours' incubation with a MASH-I1 (Microbiological Associates, Washington, D.C.). Results were recorded for the optimal stimulating concentration of each mitogen.
Case History and Clinical Findings
A 12-year-old female silver poodle was presented to a private veterinary hospital with a variety of signs including anxiousness, panting, possible abdominal pain and pica. The owner also had seen some blood in the stools. Physical examination showed infected anal glands, periodontal disease, and a small, well-circumscribed mammary tumor, all chronic problems with this dog. The rectal temperature was normal.
Blood was examined on this visit. The total leukocyte count was 106,90O/p1. More than 90% of the cells were small lymphocytes. When blood was examined three days later, the total leukocyte count was 83,OOO/pl, with 72,210 lymphocytes and 10,790 neutrophils/pl. A diagnosis of lymphocytic leukemia was made. Other laboratory test results included a packed cell volume of 40%, serum urea nitrogen of 20 mg/dl, serum glucose of 10 1 mg/dl and normal serum alanine aminotransaminase activity. No parasite ova were found by fecal flotation.
Blood and bone marrow samples were taken five days after admittance. Results of the hematologic evaluation are given (table I) . Nearly all lymphocytes were welldifferentiated and looked normal ( fig. 1 ). They ranged from 6 to 8 pm in size and were both periodic acid-Schiff (PAS)-and peroxidase-negative. No lymphoblasts or prolymphocytes were seen, but a few "atypical" lymphocytes were found. Ruptured lymphocytes were present throughout the blood films but were particularly numerous in thin areas of the film. The bone marrow aspirate was moderately cellular and appeared to have been diluted with blood. The mye1oid:erythroid ratio was 1.4 to 1, ' Days are numbered from the first day lymphocytic leukemia was diagnosed by the ND = not done. with 9.5% erythroid cells, 13% myeloid cells and 77.5% lymphoid cells. Megakaryocytes were rare. Approximately 1% of the lymphoid cells were plasma cells and the remainder resembled those described in the peripheral blood.
In terms of the age of the dog, the hematologic findings and the absence of palpable lymph node enlargements, the well-differentiated leukemia in this dog was similar to chronic lymphocytic leukemia in man. Inasmuch as the mean survival in man after diagnosis is reported to be four to six years and that chemotherapy is of questionable benefit in prolonging this survival [25, 36] , no therapy was recommended for the dog. The owner was advised that the dog might be prone to life-threatening infections, as are humans with chronic lymphocytic leukemia [25, 36] , and she agreed to return with the dog for periodic hematologic evaluations even if no signs of illness developed.
The dog was observed for the next 23 months. On three visits, the refemng veterinarian measured total leukocyte counts of 81,80O/p1, 57,70O/p1 and 1 lO, OOO/ pl. Eighty percent or more of the cells were well-differentiated lymphocytes. Additional blood samples were examined at the University of Florida during this period (table I) . Only the sample on day 231 was remarkably different from the initial specimen, with a total white blood cell count of only 11,6OO/pl, of which 74% were lymphocytes. In addition to the well-differentiated small lymphocytes, some mediumsized lymphocytes and a few prolymphocytes were found.
Nearly two years after the diagnosis of well-differentiated leukemia was made, the owner had the dog killed for problems unrelated to the leukemia. At the dog's death, the hematologic evaluation was not greatly different from previous examinations, although the highest total leukocyte count (147,90O/p1) was recorded at this time (table I) . The dog was not anemic and had adequate platelets. Serum protein electrophoresis on cellulose acetate showed an albumin/globulin ratio of 0.59, with 2.82 g/dl albumin, 0.59 g/dl al-globulin, 0.62 g/dl a2-globulin, 1.13 g/dl &-globulin, 1.37 g/dl P2-globulin and 1.05 g/dl y-globulin. The serum immunoelectrophoretic pattern was normal.
A bone marrow aspirate taken from the iliac crest before death was moderately cellular. It contained 1% plasma cells, 64% small lymphocytes, 26.5% myeloid cells and 8.5% erythroid cells and an adequate number of megakaryocytes. The myeloid: erythroid ratio was 3.1 to 1 with a normal proportion of immature to mature cells in each series.
Lesions
The dog was necropsied immediately after death. No solid tissue tumor masses were found. The peripheral and visceral lymph nodes were slightly enlarged. Histologically, they showed lymphoid and reticuloendothelial hyperplasia. There were more small, well-differentiated lymphocytes than normal in the subcapsular and medullary sinuses. There was hemorrhage into medullary sinuses, with erythrophagocytosis in some lymph nodes. The spleen was enlarged and congested. Two discrete nodules of hyperplastic lymphoid tissue were found, one 2.2 X 2.4 x 2.4 cm, and the other 1 cm in diameter. Histologically, these nodules were composed of immature lymphocytes with foci of hemorrhage in the center of the larger lesion. They were compatible with hyperplastic lymphoid nodules often seen in the spleens of old dogs.
Many small, well-differentiated lymphocytes were seen in lumina of arteries, veins and capillaries in the lung, spleen, liver, kidney, and adrenal. A bone marrow touch preparation ( fig. 2 ) taken from the proximal femur during necropsy was similar to the aspirate but contained a lower percentage of small lymphocytes (55%). One percent of the nucleated cells were plasma cells, 3 1.5% were myeloid cells and 12.5% were erythroid cells. The mye1oid:erythroid ratio was 2.5 to 1.
Incidental necropsy findings included chronic proliferative periodontitis, bilateral cataracts, multiple benign mixed mammary tumors, and nodular cortical hyperplasia of the adrenal glands.
More than 90% of the blood leukocytes observed by scanning electron microscopy were spherical, had many short microvilli on their surfaces, and measured about 4 pm in diameter ( fig. 3 ). Cells with similar surface morphology comprised no more than one-third of the leukocytes in blood from a normal dog examined by scanning electron microscopy.
Transmission electron microscopy showed that most lymphocytes had nuclei with single deep clefts and abundant heterochromatin ( fig. 4) . The cytoplasmic zone was wide and contained many single ribosomes and a few large mitochondria. In contrast, most lymphocytes from a normal dog had a circular nucleus and a narrower cytoplasmic zone.
Lymphocyte surface markers and mitogen stimulation
The results of the lymphocyte surface marker study are shown in table 11. Values for peripheral blood lymphocytes from a clinically normal adult dog are given for comparison. The Ficoll-hypaque-separated cell suspension of the peripheral blood contained 96% lymphocytes and 4% monocytes. Most peripheral blood lymphocytes of the leukemic dog showed membrane characteristics of B-lymphocytes. The percentage of cells with surface membrane immunoglobulin and with receptors for complement was higher than that in the normal dog, and few cells formed rosettes with guinea pig or human erythrocytes or stained with the fluorescein-conjugated anti-brain heteroantiserum.
The values for the mitogen-induced stimulation of the peripheral blood lymphocytes are shown in table 111. Stimulation of peripheral blood lymphocytes was low with all mitogens except lipopolysaccharide.
Discussion
This case of well-differentiated lymphocytic leukemia in a dog is similar to chronic lymphocytic leukemia in man. The dog was 12 years old at initial diagnosis. In man, 90% of those with chronic lymphocytic leukemia are over 50 years old and nearly two-thirds are over 60 [25] . The dog was presented to the referring veterinarian with no signs of leukemia. About one-fourth of the cases of human chronic lymphocytic leukemia are discovered during routine examinations or during evaluation of apparently unrelated diseases [25] . The dog was afebrile and had no significant weight loss. In man, fever rarely occurs with chronic lymphocytic leukemia unless infection is present; there may be weight loss, but it is rarely severe [36] . Some people in whom the disease is discovered accidentally have no clinical evidence of leukemia. Such was the case in this dog.
In human chronic lymphocytic leukemia, and in this dog, the average lymphocyte has the morphologic appearance of a small lymphocyte seen in normal blood. In man (as in this dog on day 231), a few abnormal-appearing lymphocytes often are present. Ruptured leukocytes (basket cells) are common in blood smears of most people with chronic lymphocytic leukemia. They were found consistently in blood films from this dog. The absolute lymphocyte count in human chronic lymphocytic leukemia ordinarily ranges between 10,000 and 1 SO,OoO/pl [25] . Although cell counts usually remain fairly constant in man, dramatic fluctuations in blood lymphocyte numbers may occur [36] . Except for day 231 when the blood lymphocyte count was Amount of mitogen added to a 0.2-ml lymphocyte culture. Stimulation index = counts per minute in mitogen-stimulated lymphocyte culture divided by counts per minute in control culture without mitogen addition.
' NA = not applicable. only 8,600/pl, blood lymphocyte counts from the dog ranged from 50,000 to 140,000/ The course of human chronic lymphocytic leukemia ranges from almost acute to completely benign. The median survival is four to six years, and 10% to 15% of all patients remain in reasonably good health for 10 to 15 years with little treatment [25, 361. The dog received no therapy during the 23 months of observation, and no signs attributable to leukemia were apparent. The hematologic picture of the disease was essentially unchanged. About one-third of people with few or no symptoms will show little evidence of disease progression during a period of one to two years without therapy [25] . A period of observation without therapy is recommended in such patients [36] .
Many people with chronic lymphocytic leukemia die from secondary infections attributable to reduced immunological responses and inability to produce circulating antibodies. These abnormalities seem to be caused by a defective lymphocyte response. Mitotic response of chronic lymphocytic leukemia lymphocytes to mitogens is impaired, as is their ability to synthesize antibodies [lo, 251. Electrophoresis and immunoelectrophoresis of serum proteins from the dog did not show the deficiency in immunoglobulins seen in many human patients. Slightly increased p and y globulin concentrations might be accounted for by the age of the dog or the presence of chronic periodontal disease.
The final stage of disease, which evolves in patients who do not succumb to another illness, consists of increasing cellular immaturity, fever, neutropenia, thrombocytopenia and anemia, all of which resist therapy. Neutropenia, thrombocytopenia and anemia begin to develop when half or more of the bone marrow is replaced by lymphoid tissue [25] . Although slightly more than half of the cells in the dog's marrow were lymphocytes (as determined by the touch preparation), histologic examination showed that considerable marrow space remained unoccupied by cells. This probably accounts for the lack of anemia, neutropenia or thrombocytopenia in the dog.
Four cases of well-differentiated lymphocytic leukemia associated with monoclonal gammopathies have been reported in dogs [5, 161 . Inappropriate antibody formation may occur in association with chronic lymphocytic leukemia in man. From 10% to 20% of people with chronic lymphocytic leukemia develop Coombs'-positive hemolytic anemias, but monoclonal gammopathies occur in only a small percentage (5% or less) [25, 361. Our dog was Coombs' negative and did not show a monoclonal gammopathy .
In chronic lymphocytic leukemia in man, most of the lymphocytes have moderately to markedly villose surfaces. In contrast, most people with acute lymphoblastic leukemia have circulating leukemic cells with few surface microvilli [24] . Leukocytes in this case of well-differentiated leukemia in a dog had surface characteristics similar to normal canine and human lymphocytes, and human lymphocytes in chronic lymphocytic leukemia.
Pl* Transmission electron microscopy shows most canine lymphocyte nuclei to be round or oval. Although normal lymphocyte nuclei frequently have small indentations, few have clefts or incisions as deep as those found in most lymphocytes in this dog [26, 291. Deep nuclear clefts also have been seen in some cases of chronic lymphocytic leukemia in man [24, 251. Lymphocytes in this dog, however, did not show nuclear pleomorphism as bizarre as that reported recently in a dog with a cutaneous lymphoproliferative disease resembling mycosis fungoides in man [27] . The cytoplasmic content of the dog's lymphocytes was similar to that seen in normal canine lymphocytes [29] .
Lymphocytes from blood from this dog, as well as from the four previously reported cases of well-differentiated lymphocytic leukemia in dogs [5, 161, are Blymphocyte type. Although the cell type is presumed in other cases because of the associated monoclonal gammopathies, the predominant cell type in this case was determined by cell surface markers specific for B-lymphocytes. Lymphocytes from chronic lymphocytic leukemia in man also seem to be of the B type [ 13, 23, 36] . The percentage of lymphocytes bearing T-cell membrane characteristics in the circulating blood of the leukemic dog was lower than in normal dogs. This relative decrease can be attributed to an absolute increase in circulating B-lymphocytes.
Peripheral blood lymphocytes from this dog were stimulated to blastogenesis by lipopolysaccharide but not by phytohemagglutinin-p, concanavalin A or pokeweed mitogen. The responsiveness to stimulation by mitogens appears to be specific for certain lymphocyte subpopulations. Studies in the mouse and chicken have shown that phytohemagglutinin and concanavalin A selectively stimulate T-lymphocytes [3, 7, 12, 331 , lipopolysaccharide stimulates only B-lymphocytes [3, 351 , and pokeweed mitogen stimulates both Tand B-lymphocytes [12, 341 . The specificity of the mitogens for Tor B-lymphocyte subpopulations in other species has not been thoroughly investigated; it is generally accepted, however, that similar specificities exist [9, 15, 3 11 . The stimulation of the cells from this dog with chronic lymphocytic leukemia by the B-lymphocyte mitogen lipopolysaccharide, and not by the Tlymphocyte mitogens, is consistent with a B-lymphocyte origin for the leukemia. The failure of the cells to respond to the phytomitogens also may indicate an impaired functional status of the leukemic cells. Impaired responses of lymphocytes from leukemia to mitogen stimulation have been reported in both man and dogs [8, 101. The high circulating blood lymphocyte count in our dog is difficult to explain in the absence of lymphadenopathy, splenomegaly, or accumulations of lymphocytes in tissues, other than a moderate number in bone marrow. Studies indicate, however, that lymphocytes in chronic lymphocytic leukemia in man have a long life span (251. Being relatively inert, and unresponsive to antigenic stimulation, they may be dormant in lymph nodes, bone marrow or spleen, or may circulate passively in the blood for prolonged periods [25] . Lymphocyte life spans were not determined in this study.
